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This discussion of the management of cases of pheochromocytoma is based on experience of 17 patients seen at University College Hospital. These patients were investigated and treated by the speakers acting as a team under the guidance of Professor M L Rosenheim, to whom they wish to express their thanks.
Dr E J Ross (Medical Unit, University College Hospital Medical School, London)
Phaeochromocytoma: Medical Aspects
Phaeochromocytomas are tumours of the sympathetic nervous system which secrete excessive quantities of the catecholamines, adrenaline and noradrenaline, in varying proportion, into the blood stream. These tumours may arise in the adrenal medulla or in extra-adrenal chromaffin tissue elsewhere, for instance, along the sympathetic chain in the chest or abdomen, or in the organs of Kohn and Zuckerkandl which lie along the abdominal aorta. They have also been reported beneath the renal capsule and in the bladder wall. The widespread distribution may lead to difficulty in localization. Many of these tumours are nonsecreting. About 10% are bilateral or multiple. About 10% are malignant; in some the metastases are catecholamine-secreting, in others nonsecreting. Other tumours of the sympathetic nervous system, ganglioneuromas and neuroblastomas, occasionally secrete catecholamines.
The abnormalities presented by the patient with a phwochromocytoma can be accounted for by the known physiological effects of adrenaline and noradrenaline. The most important of these is their pressor action. Very severe hypertensive cardiovascular disease can be produced by these tumours. Five of our 17 patients were in the malignant phase of hypertension; 2 had fits due to hypertensive encephalopathy. These pressor amiries also have characteristic effects on the pulse, noradrenaline causing slowing and adrenaline acceleration. Many of these patients have a con-Meeting January 5 1962
The Management of Cases of Ph.eochromocytoma siderable tachycardia. A hypermetabolic state is produced by these substances, so that a mistaken diagnosis of thyrotoxicosis or an anxiety state may be made. Adrenaline, and to a much lesser extent noradrenaline, causes glycogenolysis, hyperglycwmia and glycosuria, resulting in a syndrome resembling diabetes mellitus. Excessive sweating is another characteristic feature which should alert the physician to the diagnosis. Some phaeochromocytomas discharge catecholamines continuously, others intermittently. This gives rise to two distinct syndromes. In the former group, the patient has a sustained hypertension, so that a diagnosis of essential hypertension may be entertained. In the latter group, the patients have paroxysms of hypertension in attacks characterized by a feeling of great anxiety, palpitations, pallor, headache and sweating. Patients with sustained hypertension frequently experience profuse sweating and vasomotor disturbances and may have attacks as described above in which their hypertension is accentuated. Recognition of the significance of these attacks is the key to diagnosis. The attacks are sometimes precipitated by fright or emotion, or by some particular posture. Other patients are unable to recognize any precipitating cause.
A few patients with this disease are normotensive and give no history of attacks, but when exposed to the stress of a surgical operation, or parturition, will unexpectedly liberate massive amounts of catecholamines from their tumours, frequently with fatal results. These patients are of particular interest to this Section since they afford an ever-present anesthetic risk. The potentially lethal combination of pregnancy and phkochromocytoma must also be stressed.
The diagnosis of phiochromocytoma is, in most cases, made from the patient's history. Screening of urine specimens from hypertensive or diabetic patients for the excessive excretion of adrenaline or noradrenaline or their metabolites will also reveal unsuspected cases. A method of biological assay employing the intravenous injection of urine into a cat and noting the effect on the blood pressure affords a simple screening test (Moulton & Willoughby 1955) . Chromatographic analysis of the urine for the stable metabolite 3methoxy, 4-hydroxymandelic acid is also useful as a screening test (Armstrong et al. 1957) . Clinical confirmation of the diagnosis is afforded by means of the phentolamine test in hypertensive patients (Helps et al. 1955) or the histamine provocation test in normotensive subjects (Roth & Kvale 1945) . If the blood pressure is elevated because of circulating pressor amines, the administration of phentolamine will produce an immediate fall of blood pressure to a normal level provided the hypertensive process has not been of sufficient duration to produce arteriolar sclerosis. The administration of histamine provokes a pheochromocytoma to liberate pressor amines and results in an immediate paroxysm of hypertension with symptoms simulating the attacks described above.
These tests are adequate in the majority of cases to confirm or refute the clinical diagnosis. The next step is to localize the tumour. Here the radiologist is of great assistance. 
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Radiological Investigation of Pheochromocytoma
Radiological studies are generally used merely to localize the site of a clinically suspected phaochromocytoma but unsuspected tumours may occasionally be encountered during the radiological investigation of hypertension. A pheochromocytoma may be demonstrated by such simple investigations as radiography of the chest and abdomen or by intravenous urography, but even when a tumour is seen on these preliminary investigations more complicated procedures are necessary, not only to confirm these findings but also to attempt to exclude multiple tumours.
A chest X-ray is an essential preliminary; the heart size can be estimated and secondary deposits from a malignant pheochromocytoma may be demonstrated. In one of our patients, a large intrathoracic ganglioneuroma containing noradrenaline and producing severe hypertension was demonstrated (previously reported by Smellie & Sandler 1961) . The great majority of phaochromocytomas lie in the retroperitoneal tissues of the abdomen and their presence was suspected in 7 of our patients when the plain film of the abdomen and the intravenous urogram showed downward displacement of a kidney. Calcification within the tumour mass was visible in 2 of our patients; the calcification may be confined to a small portion of the tumour and the true size of the tumour may remain unrecognized unless further radiological investigation is carried out.
Retroperitoneal pneumography and angiography carry an additional risk in these patients and must therefore be conducted with great care; the blood pressure must be carefully watched and the adrenolytic drugs must be immediately available. Presacral pneumography has completely supplanted the older and more hazardous perirenal route. Two deaths from gas embolism have been reported in a review of 3,500 examinations (Steinbach & Smith 1955) . The great solubility of carbon dioxide makes it by far the safest gas, but in our hands its solubility proved to be a disadvantage. In 8 instances in which it was used, the gas had almost entirely absorbed before we could complete the elaborate radiographic technique necessary to demonstrate small retroperitoneal tumours; we have subsequently used oxygen as a contrast medium although there seems to be little objection to the use of room air. Oxygen is slowly injected through a needle inserted in the mid-line through the sacrococcygeal space or one of the intercoccygeal spaces. The insufflation of gas is continued until the adrenals and kidneys are seen on fluoroscopic examination to be well outlined; antero-posterior, oblique and lateral views are then followed by tomography.
The normal adrenal as demonstrated in this examination varies greatly in size and shape. It may form an elongated linear opacity but more commonly it is triangular in shape with a base of about 2 5 cm and height about 2 cm, but either of these measurements may normally exceed 4 cm (Fig 1) . Clearly measurement of size is not a good indication of the presence of a small tumour. The adrenal shape is a much more reliable finding; the normal adrenal margins are straight or slightly concave and any outwards convexity indicates the presence of an adrenal tumour. Larger tumours present no difficulty (Fig 2) and extra-adrenal retroperitoneal tumours are well demonstrated (Fig 3) .
Confusing shadows are commonly encountered. The fundus of the stomach, the duodenojejunal flexure, the duodenal loop and the transverse colon may all cause difficulty but the true nature of these gut shadows should be recognized on the tomographic cuts supplemented whenever necessary by films taken after outlining the lumen of the gut with barium or air. The spleen, pancreas and retroperitoneal fat pads have caused much greater difficulty and these may exactly simulate an adrenal or retroperitoneal tumour. On one occasion retroperitoneal pneumography demonstrated a mass superimposed on the hilum of the kidney; this was thought to be an adrenal tumour but at operation the opacity was seen to have been produced by a renal cyst.
The pheochromocytoma is a vascular tumour and should therefore be readily demonstrated by angiography but deaths have been reported following translumbar aortography. Post-mortem examination in these patients revealed large retroperitoneal hkmorrhages and it seems likely that their severe hypertensive crises and state of profound collapse may well have been produced by compression of the tumour by the retroperitoneal hmmatoma. Retroperitoneal haemorrhage is a well-known complication of translumbar aortography and consequently aortography by this route has no place in the investigation of these patients. However, retrograde aortic catheterization via the femoral artery is a simple procedure and we believe that it is safe provided a constant record is kept of the blood pressure and pulse-rate and experienced personnel are available to control any mishap. Four patients with suspected phvochromocytoma have bee;i investigated by retrograde aortography. In 2 of them, thoracic and abdominal aortography failed to 430 Proceedings ofthe Royal Society ofMedicine demonstrate a tumour; all other radiological investigations and surgical exploration were also negative. In 2 patients abdominal aortography demonstrated a vascular tumour lying close to the hilum of the kidney and stretching the renal artery (Fig 4) . The results of the radiological investigation of proven cases of phiochromocytoma are summarized in Table 1 . It will be seen that these localizing procedures are reliable. They may not only permit of an accurate pre-operative localization and selection of the surgical approach, but greatly reduce the probability of a negative laparotomy. Seventeen patients admitted to University College Hospital, London, during the years 1949 to 1961 and found to have a phxochromocytoma (as distinct from a secreting ganglioneuroma) are reported. Their ages varied from 18 to 74 years, with a maximum incidence in the third and fourth decades. There were 6 men and 11 women. Sixteen of the 17 patients had proven tumours either at operation or post mortem. Two were unsuspected in life and were discovered at autopsy. One, who displayed all the clinical and biochemical criteria usually demanded, remains unverified despite full radiological investigation and two laparotomies (Table 1) . Three of the patients were pregnant. One died undiagnosed, one died in the immediate post-operative period, and one aborted after successful removal of the tumour. Results of operation: Fifteen patients have been explored and in 13 the tumour has been removed.
Two of these were operated on by Mr D R Davies and the remainder by me. One of the 15, who had a right-sided tumour removed successfully in 1955, has since had a recurrence of symptoms suggestive of a second tumour. His abdomen was re-explored in 1958 without result, and he now again shows evidence of a catecholaminesecreting tumour, and a further laparotomy is proposed.
Ten of the 13 patients who have had their tumours removed are alive and well, but this includes the patient who is suspected of a second tumour. Deaths: There have been 6 deaths. Two patients died unsuspected and undiagnosed and were not operated upon. One of these died suddenly (in 1949) following a severe post-partum hbmorrhage, the adrenal tumour being found at autopsy. The second, a man of 74, died following a subarachnoid hemorrhage from an aneurysm of the middle cerebral artery. Bilateral adrenal phweochromocytomas were found post mortem.
Two patients died in the immediate postoperative period. The first of these, a 22-year-old woman, twelve weeks pregnant, succumbed twenty-four hours after operation from a massive retroperitoneal hkmatoma. The ligature on the large adrenal vein had become dislodged. The operation and removal of the tumour had been easy, without the customary fluctuations in blood pressure. Significantly a second, unsuspected, 1 0 cm diameter tumour was found in the opposite adrenal at post-mortem. The fall in blood pressure which resulted from the haemorrhage was initially, but erroneously, thought to have been due to adrenal failure, thus delaying re-exploration of the wound. It was found that her sister had died some years before, at the age of 15, from the effects of bilateral ph2eochromocytomas.
The second post-operative death occurred in an 18-year-old girl with classical attacks and severe malignant hypertension. A right-sided adrenal tumour was uneventfully removed, but on the third post-operative day she suddenly collapsed and became hyperpyrexial, dying shortly afterwards. An autopsy revealed a himorrhagic pneumonia with pleural and pericardial effusions, and a large fatty liver. The wound appeared healthy but a penicillin-resistant staphylococcus was isolated from it and from the effusions.
The remaining 2 deaths occurred some time after operation. One of these, a woman of 64 with severe myocardial disease and cardiac failure, was explored on the left side for a suspected ectopic tumour in the renal hilum, as suggested by air insufflation. The opposite adrenal was radiologically normal. The 'tumour' proved to be a thick-walled cyst. When the patient died three months later at a second admission a small, 10 gram tumour was found in the right adrenal gland. The second had a large, 350 gram tumour successfully removed. He did well initially but died fifteen months later from widespread visceral metastases which did not secrete catecholamines. This was the only malignant tumour encountered in the series.
Location: Ten tumours virtually replaced one or other adrenal gland. Four were ectopic. Two of these lay in the renal hilum and were associated with narrowed renal arteries stretched over the tumour. Initially the hypertension in these patients was thought to be due to renal ischiemia, but a correct pre-operative diagnosis was made in one, and suspected in the other, on biochemical grounds. Both patients required a nephrectomy for the safe removal of the tumours (D R D) and both are now well with normal blood pressures. Another ectopic tumour lay encircling the cceliac axis, splenic and renal vessels and was successfully removed. The fourth was the malignant tumour already referred to.
Localization: In all but one of our patients where presacral air insufflation or aortography have been employed with a positive result, these investigations have been entirely accurate in localizing the tumour, and we now regard such preliminary radiology as essential, provided very full precautions are taken before and during the procedure. However, it is always desirable to explore both adrenal glands by palpation at the time of operation whenever possible.
Choice of operative approach: The earlier operations in this series were carried out through the bed of the twelfth rib, an approach which is usually very satisfactory for adrenalectomy for Cushing's disease and advanced mammary carcinoma. However, this affords no opportunity of palpating the opposite adrenal, and early visualization and control of the emerging adrenal vein is impossible.
A left upper paramedian incision which is extended transrectally upwards and to the left to the costal margin is now employed for left-sided tumours (Fig 1) . The lesser sac is opened between On the right side a transperitoneal exposure is less satisfactory, and a formal nephrectomy incision with removal of the twelfth rib is used. Good visualization of the inferior vena cava is essential as the gland and tumour tend to pass behind this structure and to be adherent to it. The opposite adrenal is palpated by opening the peritoneum anteriorly. Most of the patients are thin, but in an obese patient good retraction is essential. For the reasons indicated the transthoracic approach is not recommended. Complications and Difficulties At operation violent fluctuations of blood pressure are now less often experienced when adequate pre-operative control with phenoxybenzamine has been established. Without such control, induction of anmsthesia, positioning of the patient on the operating table or gentle handling of the tumour may produce violent swings of systolic and diastolic blood pressure. These must be controlled by phentolamine intravenously, and the surgeon must be prepared to discontinue his dissection until the blood pressure settles.
When the draining vein is clamped there is usually an abrupt and sometimes alarming fall in pressure which must be corrected by the immediate intravenous administration ofnoradrenaline. This has never failed to be effective in this series and no adverse effects have been observed. The noradrenaline infusion is maintained at a slower rate until the blood pressure stabilizes, which it usually does within twelve hours. It is an advantage to ligate the adrenal vein at an early stage of the dissection to minimize the fluctuations of blood pressure. In the one case where no abrupt fall of pressure took place on ligating this vein the patient was found subsequently to have a second tumour in the opposite adrenal.
These tumours are vascular with three or four main feeding arteries, and the emerging vein is extremely thin and friable, so that considerable blood loss may be anticipated and must be replaced as it occurs.
Post-operatively, apart from the 2 operative deaths the patients have been remarkably free from serious morbidity. Only one, with a large para-aortic ectopic tumour, which-took some time to extirpate, sustained a cerebrovascular accident, which was fortunately transient. Her hemiplegia and dysphasia cleared up within a few weeks. She had severe hypertensive episodes during the operation, and the hemiplegia may have been due to ischamia during the hypotensive phase which followed control of the venous drainage of the tumour. Aniesthetic Management of Pheochromocytoma Thisreport concerns 15 patients whose ages ranged from 18 to 65 years. Ten were aged 40 years or less. Two were pregnant. All had a sustained hypertension from 190/70 to 260/150 with fluctu-ations. Two died but not during the primary operation. They were brought back to theatre because of post-operative complications. Both died during induction of anesthesia. One other sustained a hemiparesis: this patient took some seventy-two hours to regain consciousness: the hemiparesis vanished over a period of weeks.
The persistent hypertension of these patients is of no special worry to the aniesthetist; it is the paroxysmal hypertension superimposed on that already present which must be controlled. It is known that intravenous histamine will produce such a paroxysm, and other causes may be postulatedsudden vasodilatation, anoxia or hypoglycaemiabut one thing is certain, nothing appears to be as potent in this respect as a surgeon handling the tumour, and the anesthetic team must be prepared to control both the blood pressure and the surgeon. A diastolic pressure of 200 or over, and a pulse-rate of 160+, is ideal for the production of cardiac arrhythmias and their ominous sequelae.
There are two possible methods of control: one is deep general anesthesia which could probably be safely carried out only with ether: the second is the use of adrenolytic drugs. I have no experience of the first method.
In the past fifteen years, potent adrenergicblocking agents of clinical value have been introduced: of these, two, phentolamine hydrochloride and phenoxybenzamine, have been used in this series, and chlorpromazine was tried in 5 patients.
Phentolamine hydrochloride, a drug closely related to tolazoline hydrochloride (Priscol) and with similar toxic effects, can be used orally, intramuscularly or intravenously. It can therefore be used both for preparing a patient for surgery and during that surgery. Intravenously, in dosage of up to 5 mg repeated as required, it is a quickacting effective blocking agent of short duration. Unfortunately the fall in blood pressure is accompanied by tachycardia and, as at the time it is used there may already be a tachycardia present, the additive effects are alarming. Phenoxybenzamine is a more potent blocking agent which can be given orally or intravenously. It is a tissue irritant and cannot be used intramuscularly: intravenously it must be given slowly and well diluted, e.g. 50 mg in 250-500 ml. The onset of its action is slowabout an hour; the effect of 50 mg intravenouslythe dose we have usedlasts at least twenty-four hours. It is therefore primarily used pre-operatively to stabilize the patient's blood pressure at a more physiological level. If 50 mg is given intravenously on the four pre-operative days it should also minimize paroxysms of hypertension during surgery as it has a cumulative effect. It should not be given during the operation: if necessary phentolamine hydrochloride can be used during surgery to augment the effect of phenoxybenzamine. Phenoxybenzamine can produce a tachycardia but this is not as persistent as its blocking effect. It is an active antihistamine drug, which is welcome in this disease, and is said to prevent cardiac arrhythmias induced by adrenaline, chloroform and cyclopropane, but a dosage higher than a blocking dose is required (Goodman & Gilman 1955) : nevertheless this is comforting.
These drugs do not prevent the release of amines and they do not alter them. Their modes of action are unknown.
Experimentally in the ward chlorpromazine was given intravenously over fifteen minutes to 2 patients with known phaeochromocytomas in a dosage of 45 and 25 mg. No other drugs were being used. This drug has a reputation of being a peripheral antagonist to adrenaline and probably noradrenaline; experimentally it speeds up the breakdown of these amines in animals. It has also, curiously enough, been used by others to differentiate between adrenaline and noradrenaline, being considered inactive against noradrenaline (Vane 1960) .
One patient, given 45 mg, showed a blood pressure fall from 260/120 to 140/85 in thirty minutes with an increase in pulse-rate from 80 to 100, marked peripheral dilatation, pallor and drowsiness. After six hours the blood pressure had slowly risen to only 165/90 and there had been a maximal fall to 130/80 after two hours. The second patient, given 25 mg intravenously, showed a similar but less pronounced response.
These results led to the use of the lytic cocktail -50 mg chlorpromazine, 50 mg promethazine, 100 mg pethidinein 2 patients, and the addition of the drug to the premedication in 3.
Nevertheless, chlorpromazine has drawbacks: it induces tachycardia, its effects are multitudinous and it does not appear to be effective in controlling paroxysms of hypertension.
There are three different circumstances in which the anaesthetist may be called upon to deal with these patients: (1) The patient known to have a phwochromocytoma which has been satisfactorily localized. (2) The patient known to have a phaeochromocytoma of which the localization has been uncertain or impossible. (3) The patient undergoing surgery for some other condition, or an investigation such as an aortogram, who develops a paroxysm of hypertension with tachycardia for which the anesthetic technique cannot be incriminated and where no adrenaline has been injected.
This third group constitutes an emergency. A high systolic and diastolic blood pressure with fast heart action justifies the injection of 5 mg phentolamine hydrochloride. A rapid and con-siderable fall in blood pressure is diagnostic of a phwochromocytoma. Ganglion blockers should not be used as a further rise in blood pressure may result. During an aortogram in one patient in this series, whose amines were within the upper limits of hypertension, 5 mg of trimetaphan camphorsulphonate was injected to reduce the blood pressure in an attempt to produce satisfactory conditions for the radiologist. A gross arrhythmia with no fall in blood pressure resulted. Subsequently a phmochromocytoma was excised.
Phentolamine hydrochloride should be immediately available in every operating theatre and X-ray department where aortograms are done.
I would suggest that those in Group 1 should have 50 mg of phenoxybenzamine intravenously on the four pre-operative days. We have in fact, as yet, only done this once: other techniques have been 50 mg intravenously for three days and then oral phenoxybenzamine for two days, which has varied in dosage, but 30 mg q.d.s. is an average. Oral phenoxybenzamine in our hands has given unsatisfactory blood pressure controlits absorption appears to be erratic. Nevertheless, patients who have had phenoxybenzamine come to the anaesthetic room placid, sleepy and vasodilated. They differ strikingly from those not so prepared. Those in Group 2 should have no pre-operative blocking drugs administered. If the surgeon finds a tumour or an adrenal which on squeezing produces a marked rise in systolic and diastolic blood pressure with tachycardia, phentolamine hydrochloride is used thereafter for blood pressure control.
The Anesthetic Technique
These patients are more apprehensive than is normal due to the stimulating effect of the amines on the central nervous system, and a good night's sleep, if not essential, is at least a kindness. This is assured by barbiturates in adequate amount.
Premedication: Tlhis has been based on scopolamine with papaveretum, morphia or pethidine. Promethazine, 50 mg intramuscularly, has been added as an antihistaminic in 6 cases. No detectable benefit was observed. Atropine has been avoided as it is a cardiac accelerator and central nervous system stimulant: but in the age groups comprising this series it was never indicated.
Should the patient show a blood pressure of 40/50 mm Hg above his ward normal when he comes into the anmsthetic room, 2 5-5 0 mg of phentolamine hydrochloride is given either before or immediately after the thiopentone: this has been necessary on two occasions. In the Group 2 cases this will not prevent subsequent blood pressure reactions during the search for the tumour.
The anesthetic technique has been based on thiopentone, a relaxant, oral intubation and hyperventilation with a combined gas flow of 8-9 litres using a Waters' canister. The thiopentone should be injected slowly to avoid sudden vasodilatation, but in an adequate amount.
According to the site of the tumour the patient has been placed in one of three different positions prone, lateral, or supine. Great care is required in the positioning of these patients. When the patient is relaxed it can be easy for a technician to press on the tumour and some have given a history of the onset of a paroxysm when lying down. Clinically in none of these patients was it possible to provoke an attack by pressure in the renal area. Immediately after induction two intravenous drips of dextrose saline are set up. Blood pressure readings by a sphygmomanometer, and pulse-rate, are recorded at one-minute intervals: this must be done by one experienced in the rapid and accurate recording of blood pressure. In two cases in which an electromanometer was also used, the readings were in accord; but there is little justification for its use. A paroxysm can easily be recognized by the anvsthetist; the radial artery previously dilated constricts and the pulse hardens. The patient's hand, previously warm, bulky and with dilated veins, shrinks a little, whitens and cools: the veins disappear.
Induction itself may precipitate a paroxysm: whether this is due to thiopentone, the relaxant or intubation is difficult to discern under the circumstances, but it is almost certainly due to thiopentone. It likewise is treated with phentolamine hydrochloride. This has occurred on 6 occasions. While there is no clinical evidence that anoxia makes a pheochromocytoma secrete (I know of no case in which it has been tried), it should obviously be avoided during induction and maintenance.
The relaxant: In the first 6 cases gallamine was used; but the tachycardia produced is a serious disadvantage. Gallamine, in my opinion, has no place in the surgery of phitochromocytoma.
Curare: There is evidence that this drug releases histamine from skeletal muscles, but in antsthetic practice this appears to have trivial importance. When curare is used a dose large enough, and time enough for it to take effect, is essential for quiet intubation. It was used as the sole relaxant in 8 cases, in 2 cases combined with the lytic cocktail.
Suxamethonium: The muscle fasciculations which this drug initiates can be violent and might precipitate a paroxysm. It was therefore at first avoided. Its use for intubation, especially in aortograms, has not supported this view. It has been used for intubation on ten occasions. The standard lytic cocktail was used in 2 cases with curare. Unfortunately the first patient chosen had a much larger tumour than was suspected and it could not be completely removed at one operation. Hemorrhage was severe and 3,000 ml blood was required to replace the loss: no phentolamine hydrochloride was needed. The second patient in whom this mixture was used required 40 mg phentolamine hydrochloride for blood pressure control. The maximum amount of phentolamine hydrochloride used in this series has been 55 mg. The cocktail seemed to offer no advantages and its use was abandoned.
These tumours can be very vascular or dangerously adherent to large vessels. Their mobilization and the attack on their blood supply may be difficult in the extreme. Blood loss can be large, up to 3,000 ml in this series, and it must be meticulously replaced, as blood pressure always falls, sometimes to unrecordable levels, when the tumour is isolated. No patient has become pulseless.
After the removal of the tumour, noradrenaline 8 mg/1,000 ml is run in empirically to sustain a systolic blood pressure of about 120. In no case has noradrenaline failed in this respect. The maximum time the infusion has been required is twenty-two hours. The patient demands the most careful post-operative supervision. Noradrenaline is gradually reduced: under no circumstances may it be stopped abruptly. After weaning a patient from noradrenaline, the blood pressure may be satisfactory for one to two hours and then fall for no apparent reason; it will again respond to noradrenaline. However, noradrenaline is no substitute for post-operative blood loss.
Three other points may be mentioned: (1) Glycosuria may be present; this can be ignored by the anaesthetist unless the patient has been on insulin for some time, then it may be wiser to give routine insulin and glucose. The glycosuria vanishes after the removal of the tumour. (2) Sweating has been no more marked during the surgery of these tumours than during any other form of surgery. (3) The patients in this series were paralysed but very lightly anesthetized. It is possible that a deeper plane of anasthesia would reduce the violence of blood pressure swings. Willoughby (1956) has pointed out that if, in the bioassay of these amines, a cat is too deeply anaesthetized (intraperitoneal pentobarbitone) no response can be obtained. However, the depth of anaesthesia appears to have been gross.
Many otber anesthetics have been used with success in the surgery of phlochromocytomas since the first recorded operation in 1923. They include: Open ether, nitrous oxide-oxygen-ether, cyclopropane, cyclopropane and ether, ethylene and oxygen, bromethol and ether, spinal and extradural (Apgar & Papper 1951) .
In practice the anesthetist is likely to use the technique with which he is most familiar whatever the theoretical dangers may be: and if that technique proves satisfactory in one case, it is likely, as in this series, to be adhered to. In 2 of our patients halothane to a maximum concentration of 1 % has been cautiously added to the nitrous oxide-oxygen mixture for short periods. In a third it was used, with the same technique, for an aortogram. In each case the blood pressure fell and no arrhythmias were detected. These patients had been prepared with phenoxybenzamine hydrochloride. There was no ECG control. At the moment I would not like to comment further on the use of this drug.
Dr H W C Griffiths of the Royal Infirmary, Edinburgh, has kindly allowed me to mention 5 cases in which he has used high spinal anasthesia without mortality. The patient is intubated using thiopentone and suxamethonium and a high spinal block, probably to T. 2-3, is induced. There follows a rapid rise in both systolic and diastolic blood pressure with tachycardia. Blood pressure is controlled with phentolamine hydrochloride should the systolic blood pressure rise above 300. Griffiths considers this not only a suitable technique of anesthesia for the operation, but as the final and absolute proof of the presence of a phaeochromocytoma.
Dr L Kaufman (London) drew attention to the reported incidence of pb2ochromocytoma associated with neurofibromatosis (Glushien et al. 1953) , and to the fact that other tumours such as neuroblastoma and ganglioneuroma were also capable of secreting excessive amounts of catecholamines. He referred to a patient admitted under the care of Dr B Schlesinger, with a functionally active intrathoracic ganglioneuroma (see Smellie & Sandier 1961) . The patient was a child aged 24, weighing 26 lb, who had been suffering from diarrheea for eighteen months. Her blood pressure varied from 150/110 to 260/150. Profuse sweating was present. X-ray revealed the presence of a large opacity in the right chest. The urine contained excessive amounts of dopamine and noradrenaline.
The patient was prepared for the operation with phenoxybenzamine. Atropine was avoided for premedication in view of its effect of potentiating the pressor action of circulating noradrenaline (Swan 1949) , and hyoscine was given instead. Anesthesia consisted of thiopentone and suxamethonium for induction, followed by tubarine, nitrous oxide and oxygen. Respiration was controlled. Thoracotomy was performed by Miss Doreen Nightingale.
Two episodes of hypertension occurred during the operation; one during induction, and the other while the tumour was being handled. Both these attacks of hypertension were controlled with 1 mg and 0 5 mg phentolamine respectively.
No profound drop in blood pressure occurred after the tumour was removed, and the administration of noradrenaline was found to be unnecessary. Recovery was uneventful.
The tumour, which weighed 270 g contained noradrenaline, dopamine and dopa.
Dr A H Galley (London) said that the incidence of phkochromocytoma was probably greater than was usually believed. He cited three examples which had been diagnosed during anesthesia or routine pre-operative examination.
The first was that of a young man who had entered hospital for the repair of an inguinal hernia. When he rose from a chair in the ward to return to bed for examination, one of his slippers came adrift and, on stooping to retrieve it, he had an attack of palpitations and giddiness. On getting him to bed his blood pressure was 195/100 but this rapidly settled until, at the end of the examination, it was only 115/80. Careful enquiry revealed that the patient frequently had similar attacks and, after suitable investigations, a diagnosis of phaeochromocytoma was made. He was anaesthetized for his herniorrhaphy and, during the operation, exhibited a typical blood pressure chart showing a swinging hypertension which settled down after he had returned to the ward. Subsequent laparotomy revealed a moderatesized growth in the right adrenal gland and this was removed.
Another case was diagnosed during rodtine charting of the blood pressure of a middle-aged man undergoing sympathectomy in the hope of improving the circulation of his left leg. During the induction of anesthesia, and especially when the patient was moved from the supine to the lateral position (or vice versa), paroxysmal hypertension was again evident. After the usual confirmatory investigations, this man also was operated upon for the removal of a phl-eochromocytoma.
Yet another case was that of a man in his early 80s who was having a retropubic prostatectomy under hypotensive anesthesia. On lowering the head end of the operating table the now familiar pattern of a raised and wildly fluctuating blood pressure was seen. Even a marked increase of the rate of the intravenous drip containing trophenium had little or no effect in lowering the blood pressure. Post-operative estimation of the level of pressor amines in the urine and other relevant investigations were mildly suggestive of an adrenal tumour of the type under discussion. However, owing to his great age the patient was not submitted to another operation and the diagnosis would always remain in doubt.
Dr Galley asked whether one of the speakers could account for the fact that post-operative, intravenous noradrenaline drips could be discontinued after twenty-four to thirty hours without precipitating a dangerous fall of blood pressure. Some of Dr Galley's surgical colleagues thought that this was due to the rapid hypertrophy of extra-adrenal chromaffin tissue associated with the sympathetic ganglia, and he wondered if this was really so.
Dr E J Ross replied that he considered that this was unlikely. He thought that it involved the resetting of baroreceptors, which had for a long time been adjusted to a high blood pressure and took time to adapt to a sudden lowering of the blood pressure.
Dr J C Ainley-Walker (Canterbury) stressed three figures of importance to the discussion: (1) 70% of cases were only diagnosed post mortem. (2) 90% of the tumours were benign. (3) An estimated 6-8 patients out of the 2 million or more who received an anesthetic each year in this country might have an unsuspected pheochromocytoma. Any, or all, of these patients might die as a result of their anasthesia, and yet nearly all of them would have a histologically benign growth, and be completely curable (Ainley-Walker & Woodward 1959, Brit. J. Anwsth. 31, 167) .
These figures high-lighted the malignancy, from a physiological point of view, of these generally benign tumours. The most important step to take to save these patients' lives, and the most difficult one, was to suspect the diagnosis in the first place.
Dr W N Rollason (Aberdeen) said that the various speakers had emphasized the association of hypertension with phaeochromocytoma but cases with proven phlochromocytoma had been described in association with either normotension or paroxysmal hypotension and he would be interested to know if such a case had been diagnosed in the series under discussion. Dr Rollason also felt it would be interesting to know the best method of anaesthesia for such a case.
In the one or two cases in which Dr Robertson added halothane to his anesthetic technique prior to removal of the tumour, there had been a definite fall in blood pressure and it might well be that, in spite of theoretical contraindications, halothane was the anmsthetic of choice for this procedure in view of its adrenolytic action on the effector cell in the vessel wall. If, after appropriate sedation, including phentolamine and the avoidance of tachycardia-producing drugs, the patient was induced with halothane and oxygen the pressor effect of intubation could be avoided. Scoline and decamethonium, which did not release histamine or produce tachycardia, would appear to be the relaxants of choice and anesthesia could be maintained with halothane and oxygen using controlled respiration with hyperventilation to ensure hypocapnoea, the halothane being switched off prior to removal of the tumour. In this way, the use of noradrenaline might prove unnecessary. In the event of a sudden fall in blood pressure Levophed Special could be used to overcome the crisis and, as all the tissues would have been saturated with oxygen, a good oxygen reserve would have been built up to help to take the patient over the hypotensive phase. Continuous ECG control would, of course, be essential. Dr Rollason appreciated that these suggestions called for courage and enterprise, but surely these were essential prerequisites to progress.
Mr B J Harries, in reply to Dr Rollason, said that in this series no case of normotension or paroxysmal hypotension with pheochromocytoma had been diagnosed.
Dr A I G Robertson said that the handling of a phaeochromocytoma produced an intravenous injection of adrenaline or noradrenaline. The intravenous injection of these amines in the presence of halothane was probably dangerous (Raventos, personal communication).
